Introduction
An original response matrix for terrestrial gamma ray spectrum unfolding was derived in 1970' to evaluate the exposure rates. Since then, some improvements have been made to obtain not only the exposure rate but also many more pieces of information about terrestrial gamma ray fields such as effective dose rate, concentrations of potassium (K), uranium (U) and thorium (Th) in the environment and discrimination between natural and man-made contributions2).
In this paper, standard response matrixes are reevaluated for various sizes of NaI(Tl) scintillators so that a more precision spectrum unfolding can be done. In addition, parameters required to evaluate the concentrations of K, U and Th are also updated.
In order to evaluate the quantities just mentioned as accurately as possible, we have to prepare a response matrix tailored to the performance of indi- Table 2 Response matrix for 3"4 x 3" NaI(Tl) in isotropic field: R=7.0(%), q=0.34
We set NJ'), the first order approximation to N~ , equal to the observed pulse height distribution namely, N~(1)=P~(°). Next, we set p(i), the first order approximation to Pi, as follows:
The j-th element of the k+1 approximation of the spectrum N~ (k+l) is given as follows:
The iterative cycle is repeated until the series of trial vector N(k) achieves a satisfactory degree of convergence. A cycle of 20 is chosen in this paper. Next, a cosmic ray contribution6) was subtracted from the pulse height distribution using Table 1 by normalizing at the energy bin 22. The cosmic ray count rate values given in Table 1 are only for a 3"4 spherical scintillator. We, however, use this shape for the other types of scintillators also as an approximation. Moreover, a 40K contamination contribution due to a photo-multiplier tube should be subtracted in advance).
The observed spectrum shown in Fig. 2 is the resultant unfolded flux density, 4, where (33) Table 3 Response matrix for 2"4 x 2" NaI(Tl) in isotropic field: R=7.0(%), q=0.45
The description of the theoretical spectrum shown in the figure will be given in a later section. From the intensities of the peaks, we can estimate the concentrations of K, U and Th by comparing with theoretically evaluated flux density spectra due to these nuclides. The flux density spectra used so far were computed by assuming the soil to be aluminum based on relatively old nuclear data2>, 4), 8). In this study, therefore, we reevaluate the flux densities using a new model.
The flux densities in these bins consist of primary (unscattered) components due to 40K, U-, and Thseries and scattered components caused by the primaries. In the first place, therefore, we have to calculate these components for unit concentrations of K, U and Th in the environment. To do this, we assume the K, U and Th sources to be uniformly distributed in the ground with infinite half space geometry. The composition of the soil is assumed to be Si02 alone as an approximation. Its bulk density is, however, chosen to be 1.6 g/cm3. The density of air is taken to be 1.205 mg/cm3. We use a gamma ray transport calculation code to obtain the flux densities at 1 m above the ground.
Since the primary components consist of discrete line spectra, these have to be assigned appropriately to the respective energy bins. We characterize by the (34) The concentrations of K, U and Th are calculated from the values of N14, N16+N1 g and N20 by the iterative method through the 3x3 matrix given in Table   5 , which was derived by multiplying the corresponding flux density given in Table 1 
Determination of the resolution function
It is well known that the photo-peak can be closely approximated by a Gaussian whose mean value is proportional to an incident energy E and whose standard deviation 6(E) must be obtained from experimental data. The resolution of the detector is defined to be the ratio where W is the full width at half maximum of the Gaussian, i.e.,
The energy dependence of the detector resolution can be expressed by a power law, where E* is a reference energy which we take to be the energy of 40K gamma rays (1.464 MeV) in this study. The power index q is usually taken to be 0.34
for 3"41 x 3" NaI(Tl)11)• For 2"41 x 2", and 3" 41 spherical NaI(Tl), we adopt the value of q=0.45 and 0.40, respectively, which were determined by experiments in this work.
(36) We explain here how to modify the matrix elements referring to the row 10 of a matrix as an example (See Fig. 3 ). Let us assume that the resolution for 40K photo-peak of the detector used amounts to R=11 %. The new matrix elements for the energy bins 09, 10 and 11 can be calculated in accordance with the Gaussian distribution using Eqs. (9)- (11 
The full description of the procedure mentioned above and its calculation code is given in Ref.12. Figure 4 shows the spectra unfolded from a single pulse height distribution given at the upper part in the figure for the three different values of resolution for 40K photo -peak . The concentrations of K, U and Th were estimated using Here, DSI is the dose rate, E1 is the incident gamma ray energy, Cj is the flux density, and (lien/ p)j is the mass energy-absorption coefficient of air, which is given in 
Example of Application
where, CK(%), CU(ppm) and CTh(ppm) are the respective concentrations of K, U and Th in the soil.
The term DSI/DCF in Fig. 4 
